A multiplex reverse transcription polymerase chain reaction (multiplex RT-PCR) was developed for the detection of porcine reproductive and respiratory syndrome virus (PRRSV). A set of three pairs of primer were designed based on the sequence of high conservative region of PRRSV. The diagnostic accuracy of the multiplex RT-PCR assay was evaluated using 25 field clinical samples, 10 reference strains and 6 true-negative samples. Simultaneously, the specificity and sensitivity of this method were evaluated. The result indicated that this assay could reliably differentiate between PRRSV and other swine viral disease, such as classical swine fever virus (CSFV), swine vesicular disease virus (SVDV) and vesicular exanthema of swine virus (VESV). Meanwhile, this assay was shown to be 10-fold more sensitive than the conventional single RT-PCR (conventional sRT-PCR) method. The results indicated that the multiplex RT-PCR developed in this study has high sensitivity, strong specificity and easy operation, it is not only suitable for diagnosis of samples of insignifiance content, but also it has important applied value in getting rid of animals with recessive virus and veterinary quarantine. The method may provide a new avenue to the rapid detection of this important pathogen in one reaction.
Background
Porcine reproductive and respiratory syndrome virus (PRRSV) is a member of the family Arteriviridae (Cavanagh, 1997) . It is characterized by respiratory disease in young pigs and severe reproductive failure in sows, including abortion, stillbirths and weak piglets (Hill, 1990) . PRRSV has caused immense economic losses in the pig industry and is considered to be one of the most important infectious diseases of pigs in the world (Polson et al., 1992; Li et al., 2007) , and it is comprised of two viral genotypes, the North American type and the European type (NA-type and EU-type) (Nelsen et al., 1999 ). An et al (2007) found that all of the Chinese isolates examined belong to the North American (NA) type and the viruses were geographically restricted to regions in southeast China. The virus was first confirmed in China in 1996, since then, the virus has spread widely in China (Gao et al., 2004; Chen et al., 2006) . In June of 2006, outbreaks of highly pathogenic (acute, atypical) PRRS in most areas of China have been suggested to be caused by highly virulent Chinese-type PRRSV (H-PRRSV) strains. From January to July 2007, 39 455 morbid pigs died among 143 221 infected pigs according to the government numerical data. Rapid spread and their persistence in some environments have made the control of outbreaks difficult and, at times, even impossible. Therefore, development of a rapid, sensitive and specific diagnostic method is extremely important to avoid or prevent the occurrence and spread of this disease.
Due to the highly variability of PRRSV, three sets of primers in different region of PRRSV genome were designed would improve the detection sensitivity of PRRSV. In the test, if one or more fragment was amplified, but negative control didn't amplify any fragment, which indicated that PRRSV existed in the -29 -samples. A conventional single RT-PCR (sRT-PCR) assay for PRRSV is commercially available in China and this technique has provided a simple and rapid technique to detect clinically suspicious samples. However, this method is unable to detect virus in serum and blood in which the amount of PRRSV is very low. To obtain a better detection method for PRRSV, in this study three sets of primers were designed and used in a multiplex RT-PCR format to detect in a number of tissues and organs, including serum, blood, heart, brain, lung and kidney. Meanwhile, as a RNA virus, one-step multi-RT-PCR was developed will detect suspected samples, which has certain instructive significance to preventive treatment of PRRSV in production practice extensively.
Results and Analysis 1.The sensitivity of CH-1a RNA detection by the multiplex RT-PCR and the conventional RT-PCR
The sensitivity of multiplex RT-PCR reaction was compared with RT-PCR reaction for detecting PRRSV using 10-fold serial dilutions Marc-145 cell-adapted cultures infected by CH-1a live virus. All amplified DNA products were electrophoresed on 1.5% agarose gel stained with ethidium bromide. sRT-PCR reaction had a detection limit of 0.1 TCID50 while multiplex RT-PCR reaction had a detection limit of 0.01 TCID50 (Figure 1 ). Therefore, the sensitivity of multiplex RT-PCR reaction for detecting PRRSV is about 10 times higher than that of sRT-PCR reaction. As shown in Figure 1 , the multiplex RT-PCR could detect the presence of the virus up to the 10 −7 dilution whereas the conventional sRT-PCR was only able to detect up to the 10 −6 dilution. Therefore, the detection limit or sensitivity of the multiplex RT-PCR was at least 10 fold higher than that of the conventional sRT-PCR.
The specificity test for the multiplex RT-PCR
The multiplex RT-PCR was facilitated to amplify the reference virus strain of one SVDV sample (HK/70), two CSFV samples (C-strain and Shimen virus) and two VESV isolates (serotypes B51 and H54). None of the CSFV, SVDV and VESV isolates was positive by the multiplex RT-PCR ( Figure 2 ). This results showed 10 -4 , 10 -5 , 10 -6 , 10 -7 , respectively; 6~10: The conventional RT-PCR products 660 bp: Reaction carried out using several concentrations of CH-1a virus solution 10 -4 , 10 -5 , 10 -6 , 10 -7 , 10 -8 , respectively; All the products were electrophoresed on a 1.5% agarose gels Figure 2 The result of the specificity test for the multiplex RT-PCR Note: M 1 : CH-1a; 1: CSFV C strain; 2: CSFV Shimen strain; 3: SVDV HK/70 strain; 4: VESV serotypes B51; 5: VESV serotypes H54; 6: A water control; M 2 : DL2000 DNA Molecular Marker that the multiplex RT-PCR is specific for PRRSV. Three related viruses (CSFV, SVDV, VESV) were assayed, and all of them were negative.
The accuracy evaluation of the multiplex RT-PCR assay
The accuracy of the multiplex RT-PCR assay was evaluated by detection of 25 field clinical samples (collected from Guangxi, Gansu and Ningxia province of China), 10 reference strains and 6 true-negative samples. The coincidence of the multiplex RT-PCR and the conventional sRT-PCR was 100% for 10 reference strains and 6 true-negative samples (Table 1) . With regards to the 25 field clinical samples, 19 samples were detected positive by the multiplex RT-PCR assay, 15 samples by the conventional RT-PCR assay (Table 2) . Notably, all sample detected positive by the conventional RT-PCR were positive by the multiplex RT-PCR. Meanwhile, sequence analysis and virus isolation were verified this results. This indicated that the sensi-tivity of the multiplex RT-PCR for PRRSV was higher than the conven-tional sRT-PCR.
The feasibility analysis of the multiplex RT-PCR during the course of PRRSV infection
In order to assess the performance of the multiplex RT-PCR during the course of PRRSV infection, three pigs were experimentally infected with PRRSV HuN with 1.5 mil the titers of 10 5.8 TCID50 by dropped nose (denoted No.1, No.2 and No.3 ). Blood samples were collected over a 20 day period and tested using the multiplex RT-PCR and the conventional RT-PCR. One uninfected control pig was also included as a negative control. All of the samples were positive from the sixth to the fourteenth day after challenge by both PCR methods. All of the samples were positive from sixth to fourteenth day after challenge by both PCR methods. However, one sample on the fourth day and two samples on the sixteenth day were only detected positive by the multiplex RT-PCR, indicating the ability of the multiplex RT-PCR for detection of low concentration virus. One negative control from, tissue of a healthy swine was tested negatively during the test process (Table 3) . 
Note: +: Positive; -: Negative
Discussion
Multiplex PCR is gaining popularity because of its experimental simplicity and greater effectiveness as well as decreased effort and shorter time required (Chamblain et al., 1998) . Meanwhile, this method were be used to detect FMDV were confirmed 100 times more than sRT-PCR (Bao et al.,2008) . However, the care still needs to be taken to overcome the often problems such as a number of primers used in a same reaction tube might interact with each other, leading to the block of the reaction (Elnifro et al., 2000; Henegariu et al., 1997; Markoulatos et al., 2002) and close size of PCR products or cross reactions, leading to complex for distinguish the origin of the PCR products. Therefore, much care has been taken to select and design the multiplex RT-PCR primers in this study so that the obtained PCR products could be very specific and easily identified by separating the products onto agarose gel by electrophoresis.
We showed that the multiplex RT-PCR method was approximately 10 times more sensitive than the standard conventional sRT-PCR. This makes the multiplex RT-PCR a better choice over the conventional sRT-PCR for the diagnosis of PRRSV in case examination, especially when the lower concentration of virus. Therefore, the method has a potential advantage for detection of the virus from serum, blood, spleen, asymptomatic carriers and co-infection cases with other virus. Because of using of one-step RT-PCR method in this multiplex RT-PCR, more time was saved in this assay. A standard two-step PCR takes at least 3~4 h whereas the one-step multiplex RT-PCR reaction requires 2~3 h including time for identification of the PCR products by gel electrophoresis. Moreover, the one-step multiplex RT-PCR takes RNA as templates, which not only saved the time of cDNA synthesis required in the conventional sRT-PCR, but also decreased the possibility that losing the yield of RNA during the cDNA synthesis process. This is because that in multiplex RT-PCR, the cDNA synthesis and amplification are achieved at the same time in a single tube. The merits of this method suggested that it is suitable molecular method for the rapid, accurate and reliable detection of PRRSV in clinical samples. In particular, when distinguishing of swine viruses (CSFV, SVDV and VESV) is required.
Considering the prevalence and economic impact of PRRSV, a simple, cost effective, sensitive and rapid diagnostic technique is urgently required. Although the multiplex RT-PCR method described in this study showed some advantages over the conventional sRT-PCR, further evaluation of this assay on a larger scale is strongly recommended.
Materials and Methods

Reference strains and samples
CH-1a (GenBank access number: AY032626) live vaccine virus and other reference strains (Table 4 ) used in this study was obtained from the virology department of Lanzhou Veterinary Research Institute, and other organs, were obtained from the pigs that were suspected with the infection of PRRSV and stored at −70℃ until total RNA extraction. Ten blood samples from three experimental PRRSV-infected swine and one healthy control pig were also included in the study.
The samples were processed as described elsewhere (Scortti et al., 2006) , and used to inoculate monolayers of Marc-145 cells in duplicate. These cells were incubated for 90 min at 37℃ to facilitate adsorption. They were washed twice with DMEM (Dulbecco's Modified Eagle Medium) and we then added fresh DMEM supplemented with 10% fetal bovine serum (FBS) ( HyClone, USA) and incubated the cells for 6 days at 37℃, in a humidified atmosphere containing 5% CO 2 . With Cells were examined for cytopathic effect (CPE) on days 4~6. HuN strain cell virus were be used as positive control. Virus-free DMEM or FBS were used as negative controls. If CPE was observed, RT-PCR was carried out to confirm the presence of PRRSV.
Extraction of RNA
The viral RNA of all clinical samples were extracted using QIA amp Viral RNeasy Mini Kit (Qiagen, Germany), following manufacturer's instructions. In brief, after lysis of the specimens, the mixture was applied to a spin column as described by the manufacturer's protocol. The extracted RNA was eluted in a total volume of 60 μL of elution buffer and was stored at −70℃ until used.
Primers design
Based on the conserved nucleotide sequence of the PRRSV, three pairs of PRRSV specific primers were designed using DNAStar software (DNAstar 7.0 green.rar) and the sequence of the primers, their position on the PRRSV genome and the expected product size are shown in Table 5 .
RT-PCR reaction
Conventional sRT-PCR was performed using a commercially available two-step assay purchased from Guangdong Biological Technology Co. Ltd (China) following the manufacturer's instructions. The one-step multiplex RT-PCR was performed using TaKaRa one-step RT-PCR kit (TaKaRa Biotechnology Co., Ltd, China). Three pairs of primers were employed in one reaction. The multiplex RT-PCR and the conventional single RT-PCR (sRT-PCR) were compared at the same time by testing each sample. The multiplex RT-PCR was carried out in a reaction volume of 50 μL containing 0.5 μL of each primer (12.5 pmol/μL), 5 μL of 10× one step RT-PCR Buffer, 5 μL 2.5 mmol/L dNTPs, 10 μL of 25 mmol/L MgCl 2 , 1 μL of RNase Inhibitor (40 U/μL), 1μL of AMV Reverse Transcriptase XL (5 U/μL), 1 μL of AMV-optimized Taq (5 U/μL) and 10 μL of each viral RNA. Amplification conditions were an incubation at 50 for 30 min and an initial ℃ denaturing at 94 for 2 min, and then followed by 30 ℃ cycles, which consisted of denaturing at 94 for 40 s, ℃ annealing at 57 for 40 s, and extension at 72 for ℃ ℃ 50 s. The last extension step was performed at 72 ℃ for 8 mins, and then kept the reaction at 4 . Reaction ℃ products were analyzed by agarose gel electrophoresis and stained with ethidium bromide.
Sensitivity and specificity test
The sensitivity of the multiplex RT-PCR assay was determined using 10-fold serial Marc-145 cell-adapted cultures infected by CH-1a live virus with the titer of 10 5.0 TCID50. The specificity of the multiplex RT-PCR was determined by testing different non-PRRSV isolates related to high fever (≥40.5℃) and reddened skin (including classical swine fever virus (CSFV), swine vesicular disease virus (SVDV ) and vesicular exanthema of swine virus (VESV).
Sequencing
The purified multiplex RT-PCR products (490 bp) and the conventional sRT-PCR products (660 bp) by the gel of 25 clinical samples were subjected to sequencing (Takara, Dalian, China). The sequences were analyzed using the DNAStar to confirm the correction of the amplifications. 
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